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RTCC REQUIREMENTS FOR APOLM 11 (MISSION G ) :  LUNAR FLYBY MODES 

OF THE TRANSLUNAR MIDCOURSE CORRECTION PROCESSOR 

By Kenneth T. Z e i l e r  and Quentin A. Holmes 

SUMMARY 

The supervisor log ic  fo r  t h e  f lyby modes of t h e  Apollo 11 (Mission G) 
t rans lunar  MCC processor f o r  t h e  RTCC contains  t h r e e  d i s t i n c t  options.  
A f t e r  an explanation of t h e  underlying t r a j e c t o r y  ana lys i s ,  t h e  use  and 
l i m i t a t i o n s  of each option are b r i e f l y  discussed. 

INTRODUCTION 

The t rans lunar  midcourse correct ion processor w i l l  be used during 
t r ans luna r  coast  of Apollo 11 (Mission G) t o  cor rec t  dispers ions i n  t h e  
nominal t r a j e c t o r y  or , i f  necessary, t o  compute a l t e r n a t e  lunar  missions.  
The f lyby options presented below supersede those s e t  down i n  t h e  
re ference  ( i . e .  , options 6 and 7) .  

Circumlunar f ree-return lunar f lybys can be categorized as follows. 

(a )  Return-to-nominal lunar f;lyby 

( b )  Al te rna te  mission lunar f lyby following a l a r g e  d ispers ion  i n  
TLI  

( c )  Fue l - c r i t i ca l  lunar  flyby (minimum AV) t o  an  unspecif ied 
landing 

( d )  Fue l - c r i t i ca l  lunar flyby t o  a des i red  longitude a t  e a r t h  
landing 

The return-to-nominal f lyby is already ava i l ab le  under t h e  f ree-  
r e tu rn ,  f i x e d  LPO, BAP option of the'midcourse processor.  The t h r e e  
f lyby  opt ions presented i n  t h e  current work were designed t o  e f f i c i e n t l y  
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compute f ree- re turn  lunar  f lybys i n  ca tegor ies  ( b )  L r o u g h  ( d )  , respec- 
t i v e l y ,  without depending upon p r e f l i g h t  data. 
opt ion 8 - SPS f lyby t o  a spec i f i ed  I N C L f r  and a des i red  longi tude of 
e a r t h  landing via  a spec i f i ed  H * option 9A - f u l l y  optimum RCS f lyby;  

and opt ion 9B - optimized RCS f lyby t o  a des i red  i n c l i n a t i o n  of f r e e  

These opt ions are 

Pl’  

r e tu rn .  
opt ions 

BAP 

H 
P l  

I N C L f r  

IVTL 

LO1 

LPO 

MCC 

MED 

RCS 

RTCC 

SPS 

. TLI 

TLMC 

V 

Y 

A 

+ P l  

J, 

This document contains  separa te  flow diagrams of each of t h e s e  
and a b r i e f  desc r ip t ion  of t h e i r  use  and l i m i t a t i o n s .  

ABBFEVIATIONS 

best  adapt ive path 

height of per i lune  

inc l ina t ion  of f r e e  r e t u r n  

inc l ina t ion  of veh ic l e  plane t o  lunar  o r b i t  plane 

lunar o r b i t  i n s e r t i o n  

lunar parking o r b i t  

midcourse cor rec t ion  maneuver 

manual en t ry  device 

reac t ion  con t ro l  system 

Real-Time Computer Complex 

service propulsion system 

t rans lunar  i n j e c t i o n  

f i r s t  guess log ic  f o r  AV, By, A+ of t h e  midcourse maneuver 

ve loc i ty  

f l igh t -pa th  angle 

change o r  d i f f e rence  

l a t i t u d e  of pe r i lune  

a z  imut h 
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METHOD 

The vector  o f f s e t  method of simulating in tegra ted  t r a j e c t o r i e s  with 
a conic t r a j e c t o r y  computer i s  common t o  a l l  t h r e e  f lyby modes. 
technique makes poss ib le  t h e  optimization of small  midcourse maneuvers. 
It a l s o  provides an excel lent  f i r s t  guess mechanism f o r  l a rge r  maneuvers. 

This 

The vector  o f f s e t  method i s  best described as t h e  missing 1ink.be- 
tween conic and in tegra ted  t r a j e c t o r i e s .  Beginning with a s t a t e  vector  
i n  t rans lunar  coas t ,  a midcourse maneuver i s  computed t o  t r a n s f e r  t h e  
spacecraf t  t o  a conic circumlunar f ree-return t r a j e c t o r y .  
g ra ted  free-return t r a j e c t o r y  i s  computed such t h a t  t h e  t r a j e c t o r y  passes 
through t h e  same per i lune  posi t ion as t h e  conic t r a j e c t o r y .  The discrep- 
ancy between t h e  conic and integrated t r a j e c t o r i e s  is  r e f l e c t e d  i n  t h e  
d i f fe rence  i n  t h e i r  respect ive midcourse maneuvers ( A V ,  Ay, A $ ) .  An 
a u x i l i a r y  s t a t e  S '  i s  b u i l t  according t o  

Next an in te -  

where S c i s  t h e  s t a t e  a f t e r  t h e  conic midcourse and AV,, AyI, and A$I 

a r e  in tegra ted  values.  When S '  i s  temporarily s u b s t i t u t e d  f o r  t h e  pre- 
midcourse s ta te  and t h e  integrated midcourse maneuver i s  appl ied,  then 
t h e  r e s u l t  w i l l  propagate conically t o  t h e  prec is ion  end conditions.  . 

This method allows minimization of t h e  in tegra ted  maneuver with conic 
t r a j e c t o r i e s .  

2 

Since t h e  end conditions change, due t o  optimiaation, t he  o r i g i n a l  
b i a s  or  o f f s e t  may be s l i g h t l y  i n  e r r o r .  When appropriate ,  a revised 
S '  may be b u i l t  using t h e  new end condi t ions,  and t h e  optimization i s  
repeated . 

The midcourse maneuver obtained using S '  and conic t r a j e c t o r i e s  
serves  as an excel lent  f irst  guess f o r  sending t h e  t r u e  premidcourse 
state on an in tegra ted  free-return t r a j e c t o r y  t o  t h e  desired end 
condi t ions.  

OPTION 8 - SPS LUNAR FLYBY TO SPECIFIED INCLfr  

AND A DESIRED LONGITUDE O F  EARTH LANDING 

Option 8 (flow chart  1) w i l l  normally be ca l led  when TLI cutoff  i s  
so far from nominal t h a t  t h e  required AV precludes a lunar o r b i t  mission. 

This option does not involve optimization. 
mcc 
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The longitude a t  e a r t h  landing depends upon t h e  t o t a l  mission time 
f p e e r r e t u r n ,  which i n  t u r n  i s  determined by t h e  a l t i t u d e  a t  pe r i lune .  
A 100-n. m i .  increase i n  pe r i lune  a l t i t u d e  increases  t h e  t o t a l  mission 
t ime by about 2 hours and moves t h e  longi tude of e a r t h  landing westward 
by approximately 33'. The spec i f i ed  i n c l i n a t i o n  of f r e e  r e t u r n  may be  
any va lue  g rea t e r  than  t h e  dec l ina t ion  of t h e  moon ( a t  t h e  time of pe r i -  
lune passage) p lus  5 O .  

descending re turns .  
A d i s t i n c t i o n  i s  made between ascending and 

Appl icabi l i ty  of opt ion 8 i s  l i m i t e d  s o l e l y  by t h e  AV c a p a b i l i t y  of 
t h e  SPS. 

delay t imes.  
e a r l y  i n  t h e  t rans lunar  coas t .  

However, f o r  l a r g e  d ispers ions  AVmcc increases  r ap id ly  with 

Thus, f o r  l a r g e  maneuvers t h i s  opt ion w i l l  be exercised 

The de ta i l ed  flow of t h e  computational s t eps  i n  opt ion 8 i s  given 
Beginning with an i n i t i a l  s t a t e  vec tor  i n  t r ans luna r  i n  flow char t  1. 

coast  phase,  conic TLMC ( s t e p  1) i s  used t o  provide f i r s t  guesses f o r  
computation of a conic f lyby ( s t e p  2 )  t o  obta in  t h e  pe r i lune  l a t i t u d e  

( ' sp l i t  

e i t h e r  2O north or 2O south of 0 s p l i t  
or descending i n c l i n a t i o n  of r e t u r n  has been spec i f i ed .  
f r e e  r e t u r n  ( s t e p  4) is then converged with t h e  same l a t i t u d e  and height  
of pe r i lune  as s t e p  3. 
( s t e p  5 )  i s  converged with t h e  i n c l i n a t i o n  of r e t u r n  and height  of pe r i -  
lune i d e n t i c a l  t o  s t e p  3. 
state vec tor  (SbC) of s t e p  3 and t h e  midcourse components of s t e p  5 a r e  

used t o  compute t h e  o f f s e t  s t a t e  vec tor  according t o  t h e  equation 

) associated with t h e  lowest poss ib l e  i n c l i n a t i o n  of f r e e  r e t u r n .  

I n  s t e p  3, a conic t r a j e c t o r y  i s  converged t o  a l a t i t u d e  of pe r i lune  
depending on whether an ascending 

An in t eg ra t ed  

Following t h i s ,  another i n t eg ra t ed  f r e e  r e t u r n  

When s t e p  5 i s  complete, t h e  postmidcourse 

S '  = S2C - AXIy A Y I ,  AZI 

F i r s t  guesses a r e  computed f o r  s t e p  6 as fol lows.  

S C (polarform) - S '  (polarform) = AV, Ay, A+ 

S tep  6 i s  a conic f r e e  r e t u r n  t h a t  converges with t h e  des i red  
i n c l i n a t i o n  of r e t u r n  and height  of pe r i lune  using t h e  premidcourse s ta te  
vec to r  SI. This s t e p  i s  not optimized. S tep  7 uses  t h e  o r i g i n a l  pre- 
midcourse s t a t e  vec tor  and converges with t h e  same condi t ions as t h e  
previous s tep .  
f o r  t h e  spec i f ied  f ree- re turn  t r a j e c t o r y  condi t ions .  

2 

This f i n a l  s t e p  produces t h e  p rec i s ion  midcourse maneuver 

Steps 1 through 6 a r e  used t o  provide f irst  guesses f o r  t h e  f i n a l  
s t e p  and t o  insure t h a t  a d i s t i n c t i o n  i s  made between ascending and 
descending re turns .  The r e s u l t s  a r e  exce l l en t .  Rarely are more than  
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L 

two ihe ra t ions  required f o r  s t e p  7 t o  converge. The t o t a l  run t i m e  of 
t h i s  scheme i s  about 50 percent of t h a t  required i f  i n t eg ra t ed  TLMC i s  
used t o  provide f i r s t  guesses d i r e c t l y  t o  s t e p  7. 

OPTION 9A - FUEL CRITICAL LUNAR FLYBY 

This opt ion (flow char t  2 )  w i l l  determine t h e  cheapest poss ib le  
( least  AV) lunar  f lyby.  
i n c l i n a t i o n  of f r e e  r e t u r n ,  which must be less than goo, and t h e  minimum 
and maximum allowable heights  of pe r i lune ,  which are 60 n. m i .  and 
2000 n. m i . ,  r espec t ive ly ,  unless overridden by a MED. 

The only d i r e c t  t r a j e c t o r y  cons t r a in t s  are t h e  

Step 1 computes a conic f ree-return t r a j e c t o r y  which converges with 
a per i lune  height  of 80 n. m i .  ( subject  t o  MED) and an i n c l i n a t i o n  of 
f r e e  r e t u r n  which i s  2 O  grea te r  than t h e  dec l ina t ion  of t h e  moon. 
l a t i t u d e  of per i lune  ($split ) obtained from t h i s  s t e p  i s  used t o  separa te  

ascending and descending inc l ina t ions  of r e tu rn .  Step 2 converges a 
conic t r a j e c t o r y  t o  a l a t i t u d e  of per i lune  2' south of 0 
followed by an in tegra ted  t r a j e c t o r y  with t h e  same spec i f i ca t ions  ( s t e p  3 ) .  
I n  s t e p  4, an in tegra ted  t r a j e c t o r y  i s  converged with t h e  same i n c l i n a t i o n  
of r e t u r n  as s t e p  2, Next, t h e  o f f s e t  vector  S '  i s  computed with t h e  
same method used i n  option 8. 

The 

This i s  s p l i t  * 

The premidcourse state vector S '  i s  used i n  s t eps  5 ,  6,  and 7.  
S tep  5 s e l e c t s  a conic t r a j e c t o r y  with an i n c l i n a t i o n  of r e t u r n  of - 8 5 O  
and a per i lune  height  between 60 n. m i .  and 2000 n.  m i .  
t h e  midcourse maneuver with t h e  inc l ina t ion  of r e t u r n  s t i l l  f ixed  a t  - 8 5 O .  
I n  s t e p  7 ,  t h e  inc l ina t ion  is  released t o  permit complete optimization. 

Step 6 optimizes 

Step 8 uses t h e  o r i g i n a l  premidcourse s t a t e  vector  SI and converges 

an in tegra ted  t r a j e c t o r y  with the optimum height  and i n c l i n a t i o n  of 
s t e p  7. 
1 fps  or  3 percent ,  a new S '  vector w i l l  be computed and s t eps  7 and 8 
w i l l  be repeated t o  obta in  t h e  prescribed AV agreement. 

If t h e  AVmcc of s t e p  8 d i f f e r s  with t h a t  of s t e p  7 by more than 

. 

I 
Having completed a scan of t h e  descending i n c l i n a t i o n s ,  t h e  program 

now r e t u r n s  t o  s t e p  2 and begins a similar search of t h e  ascending 
i n c l i n a t i o n s .  
pe r i lune  2 O  north of $split. 

v ious ly  computed with s t eps  2 ,  3, and 4. 
t h e  necessary S '  vector ,  s t eps  3 and 4 a r e  skipped. 
involving s t eps  5 ,  6 ,  7 ,  and 8 is  now repeated,  with s t eps  5 and 6 

Step 2 converges a conic t r a j e c t o r y  t o  a l a t i t u d e  of 
T h i s  s t e p  uses t h e  S '  s t a t e  vector  pre- 

Since t h e  program already has 
The above procedure 

a 
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t a r g e t e d  t o  an i n c l i n a t i o n  of r e t u r n  of + 8 5 O .  
p l e t e d ,  t h e  AVmcc of t h e  r e spec t ive  in t eg ra t ed  t r a j e c t o r i e s  i s  compared 

and t h e  cheapest maneuver i s  chosen as t h e  so lu t ion .  

When optimization i s  com- 

It should be noted t h a t  t h e  e a r t h  landing po in t  obtained from t h i s  
option depends upon t h e  d i spe r s ion  involved and usua l ly  bears l i t t l e  
r e l a t i o n  t o  the  nominal impact po in t .  

OPTION gB - OPTIMIZED RCS FLYBY TO A DESIRED 
INCLINATION OF FREE RETURN 

This option w i l l  normally be used t o  compute s m a l l  midcourse cor- 
r e c t i o n s  i f  t he  SPS f a i l s  and t h e  f u l l y  optimum RCS f lyby y5elds a AVmcc 

which i s  we l l  within t h e  RCS capab i l i t y .  This opt ion can be exercised 
during t r ans luna r  coast  from T L I  cutoff  p lus  3 hours t o  LO1 minus 2 hours.  
It can a l s o  be used f o r  l a r g e r  maneuvers should t h e  nominal f ree-return 
impact point  be undesirable.  

Flow chart  3 gives  t h e  d e t a i l e d  flow of option 9B. The f irst  f ive  
s t eps  of option gB a r e  i d e n t i c a l  t o  t hose  of option 8. 
s t a t e  vector  computed with s t eps  2 ,  3, and 4, s t e p  6 converges a conic 
t r a j e c t o r y  with t h e  spec i f i ed  i n c l i n a t i o n  of r e t u r n  and a height of 
pe r i lune  t h a t  i s  20 n.  m i .  g r e a t e r  than t h e  minimum input value.  The 
standard range of pe r i lune  a l t i t u d e  i s  60 n. m i .  t o  2000 n.  m i . ,  but  
t hese  values  a re  subject  t o  MED inpu t .  I n  s t e p  7 ,  t h e  height  of pe r i lune  
i s  opened up, and t h e  conic t r a j e c t o r y  i s  optimized within t h e  spec i f i ed  
l i m i t s .  Using t h e  o r i g i n a l  premidcourse vec to r ,  s t e p  8 converges on 
in t eg ra t ed  t r a j e c t o r y  with t h e  spec i f i ed  f r ee - r e tu rn  i n c l i n a t i o n  and 
t h e  optimum peri lune he ight .  

Using t h e  S '  

I f  t h e  AVmcc of s t e p  8 d i f f e r s  with t h a t  of s t e p  7 by more than 1 f p s  

g r  3 percent ,  a new S '  vector  i s  computed and s t e p s  7 and 8 are repeated.  
When t h e  AV agreement i s  s a t i s f a c t o r y ,  t h e  program e x i t s .  

This option permits t h e  user  t o  compute optimum flybys t h a t  r e t u r n  
t o  a des i r ed  ea r th  longitude by ranging t h e  l i m i t s  of pe r i lune  a l t i t u d e  
or t h e  i n c l i n a t i o n  of r e t u r n  or both.  Given an i n c l i n a t i o n  of r e t u r n ,  
v a r i a t i o n s  i n  t h e  height of pe r i lune  w i l l  r e s u l t  i n  a range of landing 
longitudes with a corresponding range i n  midcourse AV. 
i n c l i n a t i o n  of r e t u r n ,  t h e  same range of e a r t h  longi tudes i s  available 
f o r  a s u b s t a n t i a l l y  d i f f e r e n t  cos t  i n  AV. The r e l a t i o n s h i p  between 
height of per i lune,  i n c l i n a t i o n  of r e t u r n ,  and midcourse AV p re sen t s  
s eve ra l  solut ions t o  one problem, some of which are b e t t e r  t han  o the r s .  
Repeated use of t h i s  option permits a t radeoff  t o  be made between t h e  
va r i ab le s  mentioned. 

With a d i f f e r e n t  



STEP 1 

ENTER WITH STATE VECTOR AND DELAY 
TIME TO MCC - 

STEP 2 I 

HT OF PERILUNE 79.5 N. MI./MED 80.5 N. MI./MED - 
INCL OF PERILUNE 90" 182" 1 
HT OF REENTRY 64.0965 67.5665 - 
INCL OF FREE RETURN -. 01" (DECLMOON +2") * +.ole - 

*AT THE EXPECTED TIME OF PERILUNE PASSAGE 

STORE LATITUDE OF PERILUNE (flSPLIT) OBTAINED 

IN STEP 2 

FLOW CHART 1.- SPS LUNAR FLYBY. 
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Q 
DESCEND IN G (N EGATlV E) ASCEND'NG 

ADD 2" [MED) TO 0 SPLIT 
FOR LATITUDE TARGET IN 
STEP 2 

SUBTRACT 2 "  (MED) FROM 
@ SPLIT LATITUDE TARGET 
IN STEP 2 

STEP 3 I 
EXECUTE CONIC FLYBY TO THE BIASED LATITUDE OF PERILUNE 

INDEPENDENT VARIABLES VALUE STEP SIZE 

DELTA AZIMUTH MCC STEP 2 B 1 5 4 4  

DELTA GAMMA MCC STEP 2 13 1 5 4 4  

DELTA VELOCITY MCC STEP 2 13 1 5 4 4  
MIN DEPENDENT VARIABLES - 

HT OF PERILUNE 79.5 N. MI./MED 80.5 N. MI./MED 

INCL OF PERILUNE 90" 1 8 2 "  

LAT OF PERILUNE (PRESET f. 0 1 O )  
INCL OF FREE RETURN 0" 9 0 "  

HT OF REENTRY 44 .0965  4 7 . 5 6 6 5  

MAX - 

WEIGHT 

1 

1 

1 
WEIGHT CLASS 

- 1 

1 0 
- 1 

1 0 
- 1 

-- 

I STORE PREMIDCOURSE STATE (S1) AND POSTMIDCOURSE I STATE (S2C) 

FLOW CHART l.-SPS LUNAR FLYBY-CONTINUED. 

.. . -  
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Q 
~ ~~ 

COMPUTE MCC F IRST GUESSES 
WITH INTEGRATED T L M C  USING 
LATITUDE OF PERILUNE FROM 

I STEP 3 

STEP 4 

EXECUTE INTEGRATED F L Y B Y  TO THE SAME LATITUDE OF PERILUNE AS STEP 3 

MDEPENDFNT VARlABl F S  w - s E u l z € m  
D E L T A  AZIMUTH MCC INTEGRATED TLMC B 1 5 4 4  1 

D E L T A  GAMMA MCC INTEGRATED TLMC B 1 5 4 4  1 

D E L T A  VELOCITY MCC INTEGRATED TLMC fl 1 5 2 4  1 - -hblhl w WElGHTCLASS 
HT OF PERILUNE 79.5 N. MI./MED 8 0 . 5  N. MI./MED 1 
INCL OF PERILUNE 9 0" 1 8 2 "  1 0 
L A T  OF PERILUNE (SAME AS STEP 3) 1 

INCL OF FREE RETURN 0" 90" 1 0 
HT OF REENTRY 6 4 . 0 9 6 5  6 7 . 5 6 6 5  1 

- 

- 

- 

STEP 5 

EXECUTE INTEGRATED F L Y B Y  TO SAME INCL OF F R E E  RETURN AND HEIGHT AS STEP 2 

INDEPENDENT VARIABLES VALUE S T E P  SIZE 

DELTA AZIMUTH MCC STEP 4 b 1 5 4 4  1 

DELTA GAMMA MCC STEP 4 B 1 5 4 4  1 
DELTA VELOCITY MCC STEP 4 B 1 5 2 4  1 
DEPENDENT VARIABLES - MIN MAX -- WEIGHT CLASS 

H T  OF PERILUNE 79.5 N. MI./MED 8 0 . 5  N. MI./MED 1 
INCL OF PERILUNE 90" 1 8 2 "  1 0 
INCL  OF FREE RETURN 1 

H T O F R E E N T R Y  6 4 . 0 9 6 5  6 7.5665 1 

WEIGHT 

(CONV VALUE FROM STEP 3 f .01") 

t 
ST 0 RE INTER GRATED MA NE UVE R 

(AXl, AYl, AZl) 

FLOW CHART 1.- SPS LUNAR F L Y B Y  - CONTINUED. 



STATEVECTOR OFFSET 9 
1 

PROGRAM NEEDS: 

Si - PREMIDCOURSE STATE 

s2C - CONIC POSTMIDCOURSE STATE 

AXl, AYI, AZl - INTEGRATED MIDCOURSE CORRECTION 

COMPUTE STATE S' 

S' = S2C - AXl, AYl, AZl 

S2C (POLAR FORM) - S' (POLAR FORM) = AV, Ay,  A 9 I AV, Ay, A$ ARE FIRST GUESSES FOR STEP 6 

NO IS AN ASCENDING YES 

FLOW CHART 1.- SPS LUNAR FLYBY - CONTINUED. 



, 

\ 

STEP 6 

CONVERGE A CONIC FREE RETURN (SELECT MODE USING S' AS THE STATE VECTOR) 

I N D E PE N DENT VARIABLE S 
DELTA AZIMUTH MCC 

DELTA GAMMA MCC 

DELTA VELOCITY MCC 

DEPENDENT VARIABLES 

HT OF PERILUNE 

INCL OF PERILUNE 

LAT OF PERILUNE 

INCLOFFREE RETURN 

HT OF REENTRY 

VALUE 

COMPUTED 

COMPUTED 

COMPUTED 

- 

MIN 

-.5 N. MI. MED 

90" 
PRESET 

-.01" MED 

- 

6 4 . 0 9 6 5  N. MI. 

STEP SIZE 

0 1544 
0 1544 

fl 1 5 2 4  
MAX WEIGHT - 

+.5 N. MI. - 
182" 1 

32  PRESET 

+.Ole MED - 
67.5665 - 

WEIGHT 

1 

1 
1 

CLASS DESIGNATOR 

1 
0 

0 
1 

1 

FLOW CHART 1.- SPS LUNAR FLYBY -CONTINUED. 



STEP 7 

P 
RESTORE THE ORIGINAL PREMIDCOURSE 
STATE (S1) AND COMPUTE FIRST GUESSES 
FOR STEP 7 USING THE LATEST S2C: 

S2C - S '  = A k l  A'?' AZ 
(S1 + AX, A'?, A i )  POLAR FORM - S lpOLAR FORM - 
AVr A y t  A +  

- 

CONVERGE IITEGRATED FLYBY TO SPECIFIED INCL OF FREE RETURN AND HEIGHT 
USING STATE S 1  

INDEPENDENT VARIABLES VALUE STEP SIZE WEIGHT 

DELTA AZIMUTH MCC COMPUTED B 1 5 4 4  1 
DELTA GAMMA MCC COMPUTED p, 1 5 4 4  1 

DELTA VELOCITY MCC COMPUTED fl 1 5 2 4  1 

DEPENDENT VARIABLES - MI N MAX WEIGHT CLASS 
HT OF PERILUNE -.5 N. MI. STEP 6 +  .5 N. MI. 1 

INCL OF FREE RETURN MED -.01" MED +.01" 1 
INCL OF PERILUNE 90" 1 8 2 "  1 0 

HT OF REENTRY 6 4 . 0 9 6 5  N.MI. 67 .5665  N. MI. 1 

- 
- 
- 

- 

(==I 
. 

FLOW CHART 1.- SPS LUNAR FLYBY - CONCLUDED. 



ENTER WITH STATE VECTOR AND DELAY 
TIME TO MCC 

STEP 1 

EXECUTE CONIC FLYBY TO OBTAIN PERILUNE LATITUDE OF MINIMUM INCLf,, FLYBY 

INDEPENDENT VARIABLES 

DELTA AZIMUTH MCC 

DELTA GAMMA MCC 

DELTA VELOCITY MCC 
DEPENDENT VARIABLES 

HT OF PERILUNE 

INCL OF PERILUNE 

HTOFREENTRY 

INCL OF FREE RET 

*AT THE EXPECTED TIME OF PERILUNE PASSAGE 

VALUE STEP SIZE WElG HT 

1 
1 

1 

CONIC TLMC g 1 544 
CONIC TLMC g 1 544 

CONIC TLMC g 1 5 2 4  

MAX WEIGHT CLASS DESIGNATOF - MIN - 
1 - 

1 0 

1 

1 

79.5 N. MI./MED 80.5 N. MI./MED 

90" 182" 

64.0965 67.5665 - 
-.01" (DECLMOON +2") +.010* - 

t 
STORE LATITUDE OF PERILUNE (DSPLIT 1 OBTAINED 

IN STEP 2 

'FLOW CHART 2.- OPTIMIZED LUNAR FLYBY. 
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SETALPHA=O 

I ADD 2" (MED) TO ,0 SPLIT 
FOR LATITUDE TARGET I IN STEP 2 

SUBTRACT 2"(MED) FROM 
fl SPLIT FOR LATITUDE 

STEP 2 1 
EXECUTE CONIC FLYBY TO THE BIASED LATITUDE OF PERILUNE 

STEP SIZE I ND EP EN D ENT VA RIA B L  ES VALUE 

DELTA AZIMUTH MCC STEP 1 p 1 5 4 4  

DELTA GAMMA MCC STEP 1 ,0 1 5 4 4  

DELTA VELOCITY MCC STEP 1 b 1 5 4 4  

MAX - MIN - DEPENDENT VARIABLES 
HT OF PERILUNE 79.5 N. MI./MED 80 .5  N. MI./MED 

INCL OF PERILUNE 90" 1 8 2 "  
LAT OF PERILUNE 

INCL OF FREE RETURN 0" 90" 

HT OF REENTRY 6 4 . 0 9 6 5  6 7 . 5 6 6 5  

(PRESET f .01" )  

WEIGHT 
1 

1 

1 

WEIGHT CLASS 
- 1 
1 0 

1 

1 0 

1 

- 

- 

FLOW CHART 2.- OPTIMIZED LUNAR FLYBY (CONTINUED). 
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. 

ONE 

STORE PREMIDCOURSE STATE (S1) 
4ND POSTMIDCOURSE STATE (S2C) 

1 
WITH INTEGRATED TLMC USING 
LATITUDE OF PERILUNE FROM 

STEP 3 

EXECUTEINTEGRATEDFLYBYTDTHE SAMELATITUDEOF PERILUNE AS S T E P 2  

P 1A Y U 4 L  STEP I E€lwL 
DELTA AZIMUTH MCC INTEGRATED TLMC B 1 5 4 4  1 

DELTA GAMMA MCC INTEGRATED TLMC p 1 5 4 4  1 

DELTA VELOCITY MCC INTEGRATED TLMC B 1 5 2 4  1 

DEPENDFNT VARlA B L E q  M u  m !aEl!xLM 
HT OF PERILUNE 79.5 N. MI./MED 80.5 N. MI./MEO - 1 

INCL OF PERILUNE 9 0 "  1 8 2 "  1 0 

L A T  OF PERILUNE (PRESET f . O l e )  1 
INCL OF FREE RETURN 0" 90" 1 0 

HT OF REENTRY 6 4 . 0 9 6 5  6 7 . 5 6 6 5  1 

STEP 4 I 
EXECUTE INTEGRATED FLYBY TO SAME INCL OF FREE RETURN AN0 HEIGHT AS STEP 2 

INDEPENDENT VARIABLES VALUE STEP SIZE WEIGHT 
DELTA AZIMUTH MCC STEP 3 0 1  5 4 4  1 

DELTA GAMMA MCC STEP 3 0 1  5 4 4  1 

DELTA VELOCITY MCC STEP 3 0 1  5 2 4  1 

HT OF PERILUNE 79.5 N. MI./MED 8 0 . 5  N. MI./MED - 1 
INCL OF PERILUNE 90" 182O 1 0 

INCL OF FREE RETURN (CONV VALUE FROM STEP 2 f .Ole) 1 0 

H T O F  REENTRY 6 4 . 0 9 6 5  6 7 . 5 6 6 5  1 

DEPENDENT VARIAELES AUi. - MAX WEIGHT CLASS 

I 
STORE INTEGRATED MANEUVER 

FLOW CHART 2.- OPTIMIZED LUNAR FLYBY (CONTINUED). 
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9 
STATE VECTOR OFFSET 1 
PROGRAM NEEDS: 

S1 - PREMIDCOURSE STATE 

S2C - CONIC POSTMIDCOURSE STATE 

AXl, AYl,  A i l  - INTEGRATED MIDCOURSE CORRECTION 

COMPUTE STATE S' 
S I =  S2C - A X l ,  AYl,  AZ, 

S2C (POLARFORM) - S '  (POLARFORM)= AV, A y ,  A$ 
AV, A y ,  A$ ARE FIRST GUESSES FOR STEP 5 

I 

NO 

FLOW CHART 2 .- OPTIMIZED LUNAR FLYBY (CONTINUED). 



SET LAT MAX = 20"  
PC 

LAT MIN = D S P L I T  -.5" 
PC 

. 

SET LAT PC MAX = 0 S P L l T  + .5" 

L A T  M I N =  -20" 
PC 

I USE THE S' STATE COMPUTED WITH STEPS I 2 AND 4 FOR THE FOLLOWING STEP 

STEP 5 
CONVERGE A CONIC FREE RETURN (SELECT MODE USING S' AS THE STATE VECTOR) 

INDEPENDENT VARIABLES VALUE STEP SIZE WElGHT 

1 

DELTA AZIMUTH MCC COMPUTED 0 1 5 4 4  1 
DELTA GAMMA MCC COMPUTED 0 1 5 4 4  1 

DELTA VELOCITY MCC COMPUTED 0 1 5 2 4  1 
CLASS 

DEPENDENT VARIABLES MI N MAX W W  

INCL OF PERILUNE 
L A T  OF PERILUNE 

HTOFREENTRY 

HT OF PERILUNE 6 0  N<I./MEO 2 0 0 0 r M I . / M E D  8 0 
90"  180" 1 0 

PRESET PRESET 3 2  0 
INCL OF FREE RET 8 4 . 5 "  85.5" 1 

6 4 . 0 9 6 5 N . M l .  6 7 . 5 6 6 5 N . M l .  - 1 

i < -  CONVERGE 

STEP 6 

MAXIMIZE MASS AFTER MIDCOURSE HOLDING INCL FREE RET CONSTANT 

INDEPENDENT VARIABLES VALUE STEP SIZE W E T  
DELTA AZIMUTH MCC PREVIOUS STEP 0 1 5 4 4  1 
DELTA GAMMA MCC PREVIOUS STEP 0 1 5 4 4  1 

CLASS DELTA VELOCITY MCC PREVIOUS STEP 0 1 5 2 4  

DEPENDENT VARIABLES - MI N MAX WEIGHT OESIG 
HT OF PERILUNE 60 N. MI./MEO 2 0 0 0  =MI./MEO 8 0 
INCL OF PERILUNE 90' 182 '  1 0  
INCL OF FREE RET 8 4 . 9  85.1 - 1  
HTOFREENTRY 6 3 . 8 3 1 5 N . M l .  6 7 . 8 3 1 5 N . M l .  - 1 
MASS AFTER MIDCOURSE PICK UP MASS + 5 000 L B S  X8* -1 

STEP 7 

USING CONIC TRAJECTORIES OPTIMIZE MASS AFTER MCC USING S' AS THE STATE VECTOR ' 
DDEPENDENT VARIABLES VALUE STEP SIZE =T 
DELTA AZIMUTH MCC PREVIOUS STEP !a 1 5 4 4  1 
DELTA GAMMA MCC PREVIOUS STEP p 1 5 4 4  1 
DELTA VELOCITY MCC PREVIOUS STEP 1 5 2 4  

DEPENDENT VARIABLES 

HT OF PERILUNE 6 0  W .  MI./MED 2 000 N. MI./MED 8 0 

INCL OF FREE RET 0 8 8  1 0 
H T D F  REENTRY 63.8315 N. MI. 6 7 . 8 3 1 5  N. MI. 1 
MASS AFTER MCC PICK UP MASS + 5 000 L B S  X8* -1 

CLASS 
WEIGHT D E S K  -- MAX - MIN - 

INCL OF PERILUNE 90" 18 20.3 1 0 

. 

* 
INHOUSE VERSION USES 1 2 8  
AS A MULTIPLIER b 

FLOW CHART 2.- OPTIMIZED LUNAR F L Y B Y  (CONTINUED). 



P 
STORE NEW POSTMIDCOURSE 
STATE S2C 

VECTOR 61) AND COMPUTE FIRST GUESSES FOR 
STEP 8 USING THE LATEST S2C: 

S2C - S' = Akl A?, A,? 
( S I +  AAl A?' A i )  POLAR FORM - S 1 =  AV, A y ,  AJI 

STEP 8 

CONVERGE INTEGRATED FLYBY TO OPTIMUM INCL OF FREE RETURN AND HEIGHT 
USING STATE S1  
I ND EP EN DENT VARIABLES 

DELTA AZIMUTH MCC COMPUTED 

DELTA GAMMA MCC COMPUTED 

DELTA VELOCITY MCC COMPUTED 
DEPENDENT VARIABLES 

HT OF PERILUNE 

INCL OF FREE RETURN 

VALUE 

MI N 

-.5 N. MI. OPT 

-.01" OPT 

- 

INCL OF PERILUNE 90" 
HT OF REENTRY 64.0965 N. MI. 

STEP SIZE 

B 1 5 4 4  
B 1 5 4 4  

1 5 2 4  
MAX 

+.5 N. MI. OPT 
+.01" OPT 

1 8 2 "  
67.5665 N. MI. 

- 

WEIGHT 

1 
1 
1 

WEIGHT CLASS -- 
- 1 

1 
1 0 

1 

- 

- 

FLO'W CHART 2.- OPTIMIZED LUNAR FLYBY (CONTINUED). 
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STORE INTEGRATED MANEUVER 
(AX,,  AYl, AZl) 

f 

I 

OF THE INTEGRATED MCC WITHIN 1 FPS 

No I 
I S  THE CHARACTERISTIC VELOCITY 

NO 

YES 

- 

3 

VALUE 

ALPHA 

ZERO 

COMPARE THE CHARACTERISTIC 
AVMCC AND DISPLAY THE SOLUTION 

WITH THE SMALLEST AVMCC 

SET ALPHA = ONE 

W 
FLOW CHART 2.- OPTIMIZED LUNAR FLYBY (CONTINUED). 



I 

I ENTER WITH STATE VECTOR AND DELAY 
TIME TO MCC 

STEP 1 COMPUTE MCC FIRST GUESSES 

STEP 2 

EXECUTE CONIC FLYBY TO OBTAIN PERILUNE LATITUDE OF MINIMUM lNCLFR FLYBY 

t 
I N D E P E N D E N T VARIABLES VALUE STEP SIZE WElG HT 

DELTA AZIMUTH MCC CONIC TLMC (a 1 5 4 4  1 

DELTA GAMMA MCC CONIC TLMC (a 1 5 4 4  1 
DELTA VELOCITY MCC CONIC TLMC (a 1 5 2 4  1 

DEPENDENT VARIABLES MIN 

HT OF PERILUNE 79.5 N. MI./MED 80.5 N. MI./MED - 1 

INCL OF PERILUNE 90" 1 8 2 "  1 0 

HTOF REENTRY 64.0965 67.5665 1 

MAX WEIGHT CLASS DESIG - - 

- I 
INCL OF FREE RETURN -.01" (DECLMOON +20)*+.01" - 1 

* 
AT THE EXPECTED TIME OF PERILUNE PASSAGE 

1 I 

t 
STORE LATITUDE OF PERILUNE @IsPLlT 1 OBTAINED 

IN STEP 2 

FLOW CHART 3.- OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN. 
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Q 

ADD 2" (MED) TO fl SPLIT 
FOR LATITUDE TARGET I i STEP 3 

t 
SUBTRACT 2" (MED) FROM 
,0 SPLIT FOR LATITUDE 
TARGET IN STEP 3 

STEP 3 '-1[-' 
EXECUTE CONIC FLYBY TO THE BIASED LATITUDE OF PERILUNE 

INDEPENDENT VARIABLES VALUE STEP SIZE 
DELTA AZIMUTH MCC STEP 2 j?J 1 5 4 4  

DELTA GAMMA MCC STEP 2 j?J 1 5 4 4  

DELTA VELOCITY MCC STEP 2 f l  1 5 2 4  

D EP EN DENT VARIABLES MAX - MIN 
I 

HT OF PERILUNE 79.5  N. MI./MED 80.5  N. MI./MED 

INCL OF PERILUNE 9 0" 1 8 2 "  

LAT OF PERILUNE 

INCL OF FREE RETURN 0" 9 0 "  

H T O F  REENTRY 64 .O 9 6 5  6 7 . 5 6 6 5  

(PRESET f .01") 

WEIGHT 
1 
1 
1 

WEIGHT CLASS -- 
- 1 

1 0 
1 

1 0 

1 

- 

- 

STORE PREMIDCOURSE STATE 61) 
AND POSTMIDCOURSE STATE S2C 

FLOW CHART 3.- OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN (CONTINUED). 
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EXECUTE INTEGRATED FLYBY TO THE SAME LATITUDE OF PERILUNE AS STEP 3 

JNDEPENDENT VARIABLES Y&!J.E 2 L L E s E  WElGHT 
DELTA AZIMUTH MCC INTEGRATED TLMC ,0 1 544 1 

DELTA GAMMA MCC INTEGRATEDTLMC fJ 1 5 4 4  1 

DELTA VELOCITY MCC INTEGRATED TLMC B 1 524 1 - lu! MB1( WElGHTCLASS 
HT OF PERILUNE 7 9 . 5  N. MI./MED 8 0 . 5  N. MI./MED - 1 

INCL OF PERILUNE 9 0" 1 8 2 "  1 0 

LAT OF PERILUNE (PRESET f .01") 1 

INCL OF FREE RETURN 0" 90" 1 0 

HT OF REENTRY 64.0965 67.5665 1 
I 

STEP 5 

EXECUTE INTEGRATED FLYBY TO SAME INCL OF FREE RETURN AND HEIGHT AS STEP 2 
I ND EP END EN T VARIABLES VALUE STEP SIZE WEIGHT 
DELTA AZIMUTH MCC STEP 4 fl 1 5 4 4  1 

DELTA GAMMA MCC STEP 4 p, 1 5 4 4  1 
DELTA VELOCITY MCC STEP 4 fl 1 5 2 4  1 

DEPENDENT VARIABLES - MIN - MAX WEIGHT CLASS 
HT OF PERILUNE 7 9 . 5  N. MI./MED 80.5 N. MI./MED 1 

INCL OF PERILUNE 9 0 "  1 8 2 "  1 0 

INCL OF FREE RETURN 1 

HT OF REENTRY 6 4 . 0 9 6 5  6 7 . 5 6 6 5  1 

(CONV VALUE FROM STEP 3 -I: .01") 

t 
STORE INTEGRATED MANEUVER 

(Agl, A q I ,  A i l )  

FLOW CHART 3.- OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN (CONTINUED). 
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Q 

. 

STATE VECTOR OFFSET 1 
PROGRAM NEEDS: 

Si - PREMIDCOURSE STATE 

S2C - CONIC POSTMIDCOURSE STATE 

AXl, AYl,  AZ, - INTEGRATED MIDCOURSE CORRECTION 

COMPUTE STATE S I  

SI  = S2C - AXl, AYl,  AZl 

S2C (POLARFORM) - S' (POLARFORM) = AV, A y ,  AI# 
AV, A y ,  AI# ARE FIRST GUESSES FOR STEP 5 

YES 

FLOW CHART 3. -  OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN (CONTINUED). 
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STEP 6 t 
CONVERGE A CONIC FREE RETURN (SELECT MODE USING S '  AS THE STATE VECTOR) 

INDEPENDENT VARIABLES VALUE STEP SIZE WEIGHT 
DELTA AZIMUTH MCC 

DELTA GAMMA MCC 

DELTA VELOCITY MCC 

g 1 5 4 4  1 
0 1 5 4 4  1 

0 1 5 2 4  1 

I 
AYI 

WElGl DEPENDENT VARIABLES - MIN 
- HT OF PERILUNE 

INCL OF PERILUNE 90" 1 8 2 "  1 

- M AX - 
-.5 N. MI. ("IN OF STEP '> +.5 N. MI. + 2 0  N. MI. 

LAT OF PERILUNE PRESET PRESET 3 2  

INCL OF FREE RETURN t.01" MED -.01" MED - 
I 

H T  OF REENTRY 64.0965 N. MI. 67 .5665  - 

- ESIG 

1 
I 

EXIT 

STEP 7 

USING CONIC TRAJECTORIES OPTIMIZE MASS AFTER MCC USING S I  AS THE STATE VECTOR 

INDEPENDENT VARIABLES VALUE STEP SIZE WEIGHT 

DELTA AZIMUTH MCC STEP 6/Aql 0 1 544 1 

DELTA GAMMA MCC STEP 6/Ayl 0 1 544 1 

DELTA VELOCITY MCC STEP 6/AVI 0 1 5 2 4  1 
MAX WEIGHT CLASS DESIG - MIN - DE PEN DENT VARIABLES 

HT OF PERILUNE 60 N. MI./MED 2 0 0 0  N. MI./MED 8 0 
INCL OF PERILUNE 9 0" 1 8 2 "  1 0 

LAT OF PERILUNE PRESET PRESET 3 2  0 

INCL OF FREE RETURN -0.1" MED +0.1" MED 1 
HT OF REENTRY 63.8315 N. MI. 67.8315 N. MI. 1 

- 
- 

MASS AFTER MCC PICKUP MASS + 5 000 LBS X8* -1 

*IN HOUSE VERSION USES 1 2 8  
AS A MULTIPLIER 

FLOW CHART 3.- OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN (CONTINUED). 
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\ 

STORE NEW POSTMIDCOURSE 
STATE S2C 

I 

RESTORE THE ORIGINAL PREMIDCOURSE STATE VECTOR 61) 
AND COMPUTE FIRST GUESSES FOR STEP 8 USING THE LATEST 
s2c :  

S2C - S' = Ak,  A?, AZ 

61 +AX,  AV, FORM - S 1 =  AV, Ay, A 9  1 

1 STEP 8 

CONVERGE INTEGRATED FLYBY TO SPECIFIED INCL 0.F FREE RETURN AND OPTIMIZED 
HEIGHT USING STATE S 1  

INDEPENDENT VARIABLES VALUE STEP SIZE WEIGHT 

DELTA AZIMUTH MCC COMPUTED ,0 1 5 4 4  1 

DELTA GAMMA MCC COMPUTED ,0 1 5 4 4  1 

DELTA VELOCITY MCC COMPUTED ,0 1 5 2 4  1 

DEPENDENT VARIABLES 

HT OF PERILUNE -.5 N. MI. OPT +.5 N. MI. OPT 1 

INCL OF FREE RETURN -.01" (CONV VALUE OF STEP 7) +.01" - 1 

INCL OF PERILUNE 90" 1 8 2 "  1 0 
H T O F  REENTRY 64.0965 N. MI. 6 7 . 5 6 6 5  N. MI. - 1 

- -- WEIGHT CLASS MAX MI N - 
- 

FLOW CHART 3 . -  OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN (CONTINUED). 



STORE INTEGRATED MANEUVER I (AXl, A q I ,  AZl)  

YES 
OF THE INTEGRATED MCC WITHIN 1 FPS 

OF THE INTEGRATED MCC WITHIN 3% 

FLOW CHART 3 . -  

. 

I 

- EXIT YES 

OPTIMIZED RCS FLYBY TO A DESIRED INCLINATION 
OF FREE RETURN (CONCLUDED). 

I 
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